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Abstract of JP6302857 

PURPOSE: To provide a method of manufacturing a light 
emitting diode which has desired mechanical characteristics 
and transmittivity and is capable of minimizing the resistivity 
at the interface betv\/een a transparent layer and growth 
layer CONSTITUTION: Light emitting diode layers 32. 34, 
36, 38 are grown on a temporarily grown substrate to form a 
comparatively thin layer type light emitting diode structure 40. 
this substrate is removed and conductive and light- 
permeable substrate 42 is wafer-bonded to the diode layer 
32 to be a lower buffer layer, instead of the temporarily 
grown substrate, thereby manufacturing a light emitting 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st ingredient which has a property with manufacture and adaptability of the light emitting diode layer {32» 34, 36, and 38) 
which has a desired mechanical characteristic Is chosen.: selection by forming the 1st substrate (30) which consists of the 1st 
ingredient carried out, and manufacturing a light emitting diode layer on the; 1st substrate The manufacture approach of the light 
emitting diode which consists of a; process which chooses the translucency ingredient which forms a light emitting diode substrate (40) 
and fits improvement in the engine performance of; light emitting diode structure, and carries out wafer bonding of the clear layer (42) 
of; and the selected translucency ingredient to a light emitting diode layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Generally especially this invention relates to the manufacture approach of light emitting diode about light emitting 

diode. 

[0002] 

[Description of the Prior Art] Light emitting diode (henceforth LED) is used for the extensive application. For example, in optical data 
transmission, LED is used In order to transmit a data signal along with a fiber-optic cable. 

[0003] Unlike laser. LED does not generate the light beam which converged good. LED emits a beam of fight In alt the directions by 
contrast. That is, luminescence Is Isotropy. The layer of LED of many conventional forms grows on the substrate of light absorption 
nature with few energy gaps than the radiant energy of the active region of LED. Since a substrate absorbs a part of beam of light 
generated in the active region, the effectiveness of a component falls. The aluminum-arsenide gallium (henceforth AIGaAs) LED of the 
conventional single heterogeneous joint form is shown in drawing 20 . p - The epitaxial layer 10 of doped AIGaAs. and n - The epitaxial 
layer 12 of doped AIGaAs is p. - It grows up on the front face of the doped gallium arsenide (henceforth GaAs) absorptivity substrate 
14. A beam of light is generated by the flow of the current which passes along the joint of epitaxial layers 10 and 12. However, since the 
energy gap of the absorptivity substrate 14 is smaller than radiant energy, it emanates in the direction of the absorptivity substrate 14 
caudad, or the beam of light by which internal reflection is carried out is absorbed. 

[0004] Drawing 21 is AIGaAs of a duplex heterojunction form on the substrate 16 of absorptivity. It Is LED. n - The epitaxial layer 18 of 
doped AIGaAs, and n - The layers 20 and 22 of doped AIGaAs grow on the substrate 16 of absorptivity. Without generating a beam of 
light and being absorbed within the epitaxial layer 20 used as an active layer, the band gap of an epitaxial layer 1 8-22 Is chosen so that 
epitaxial layers IB and 22 may be passed and it may go on. However, absorption of a beam of light is not produced In the absorptivity 
substrate 16. 

[0005] Improvement in the engine performance can be attained by using the transparent substrate which has a larger energy gap than 
the radiant energy of the active region of LED. It is In the effectiveness of a translucency substrate being emitted caudad or preventing 
absorption of the beam of light which goes caudad. Without being absorbed, a beam of light penetrates a translucency substrate and is 
reflected from the metal adhesion object of a pars basilaris ossis occipitalis, and a reflexibllity cap. A reflected ray is emitted from the 
crowning or edge of a chip after that, consequently the effectiveness of LED Increases sharply. 

[0006] There are some manufacturing technologies In LED which has a translucency substrate. The 1 st technique is carrying out 
epitaxial growth of the P-n junction on a translucency substrate. However, the trouble of this technique Is a point that achievement of 
lattice matching permissible depending on the lattice constant of an LED epitaxial layer is difficult. The 2nd technique is growing up an 
LED epitaxial layer on the absorptivity substrate removed behind. For example, at drawing 3 R> 3. It is n. - The doped translucency 
substrate 24 and p - Epitaxial growth of the doped epitaxial layers 26 and 28 can be carried out on an absorptivity substrate (not 
shown). Translucency "a substrate" 24 is manufactured by growing up thick translucency and a thick conductive epitaxial layer 75 
micrometers or more on the substrate of the absorptivity of grid adjustment. Next, it grows up on translucency "substrate" 24 with the 
epitaxial EPITAKISHURU layers 26 and 28 which are another layers, and an absorptivity substrate is removed. Or the epitaxial layers 26 
and 28 previously more thinner than thicker translucency "substrate" 24 may be grown up. 
[0007] 

[Problem(s) to be Solved by the Invention] The above-mentioned manufacturing technology of LED which has a translucency substrate 
has a fault by birth. When using a growth technique of a certain kind for fixed semiconductor materials, carrying out epitaxial growth of 
"it is thick", translucency, and conductive "substrate" to the 1st has even the impossible, or It is not practical. Even when It is [ 2nd ] 
possible, a "thick" epitaxial layer requires long growth time amount, and the amount of manufactures of such LED Is limited. The LED 
layer produced after removing an absorptivity substrate to the 3rd is comparatively as thin as about 3 to 6 mils. It is difficult for a thin 
wafer to deal with it, without damaging, and manufacture becomes much more difficult. Furthermore, according to a wafer being thin, in 
case it equips with a wafer in an LED package, difficulty arises. A wafer is mounted, and In order to make the pars basilaris ossis 
occipitalis of a component contact, the epoxy typically loaded with silver is used. Epoxy becomes the cause which may flow out 
exceeding the edge of a thin wafer and diode (LED) short-circuits by It. Furthermore, a thin wafer is not mechanically so dogged as the 
equipment of drawing 20 which grows on at least 10-mll ''thick" substrate, and drawing 21 . In case an epoxy lamp is equipped with such 
"thin" LED, the probability for equipment to break down becomes large. Thus, when this 2nd technique is adopted, for an actual crystal 
growth process, through use of "past [ thickness ]" and equipment, a clear layer is that "too thin" and has the consistent problem of 
thickness. 

[0008] Consequently, compromise intervenes about selection of an absorptivity substrate and a translucency substrate. Although LED 
which has an absorptivity substrate can be equipped with the mechanical characteristic superior to LED of a translucency substrate by 
the growth technique and the manufacturing technology, generally an absorptivity substrate has bad effectiveness. Effectiveness can be 
raised if a translucency substrate Is used. However, when growing up on the translucency substrate which has the lattice constant from 
which an epitaxial layer differs, difficulty may arise by the mismatching of a grid. Furthermore, when epitaxial growth of the "thick" 
translucency "a substrate" is carried out, the consistent problem of thickness may be encountered. 

[0009] The effect of an absorptivity layer or a translucency layer can be controlled to the minimum by growing up the Bragg reflector 
(Brag refrector) layer between the epitaxial layer of the normal mode, and an absorptivity layer. Since the Bragg reflector reflects 
radiation or the beam of light by which internal reflection was carried out in the direction of an absorptivity layer, the improvement in 
effectiveness is attained. However, since the Bragg reflector reflects only the incident ray near a right angle. Improvement is limited as 
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compared with the technique which used the translucency substrate. It does not reflect, but passes to a substrate and a greatly 

different incident ray from a right angle is absorbed there. Furthermore, typically, since LED which has the Bragg reflector needs to 

repeat many thin epitaxial layers whose thickness is 100A, and to grow up them, it is much more difficult to manufacture, 

[0010] The purpose of this invention is to propose the formation approach of LED which has the mechanical property of at least 8-mil 

''thick'' request of a substrate, and the optical property of LED of a translucency substrate. 

[0011] 

[Means for Solving the Problem] Although the above-mentioned purpose used temporary growth substrate optimal for growth of an LED 
layer, it was attained by the approach by which the substrate whose engine performance improved without needing the epitaxial growth 
of this substrate is obtained. In the suitable example, the improvement substrate in the engine performance is a transparence member 
joined to an LED layer using a wafer bonding technique. Since a clear layer is not joined to an LED layer until the epitaxial growth of an 
LED layer is completed, the lattice matching of a translucency substrate and an epitaxial layer is not a problem. 

[0012] A temporary growth substrate consists of the ingredient with manufacture and adaptability of the LED layer which has a desired 
mechanical characteristic. For example, in order to attain the crystal growth of high quality and to optimize the adjustment of a grid, the 
absorptivity substrate ingredient of the normal mode can be used. Next, an LED layer grows using one containing liquid phase epitaxy, 
vapor phase epitaxy, metal organic chemistry vacuum evaporationo, and/or molecule beam epitaxy, or two or more various approaches. 
Be [ easy although / it ] the LED layer which generates LED structure consists of a luminescence active layer, an up-and-down seal 
layer, current diffusion and a beam-of-llght emission layer, and an unit or two or more buffer coats, it is not limited to this. 
[0013] A temporary growth substrate of absorptivity completes the purpose that the epitaxial layer of high quality can be formed, 
following growth of LED structure. Although removing Is desirable as for a growth substrate, and an absorptivity growth substrate is 
smaller than the radiant energy of LED structure as for it. it is because it has the energy gap equal to it. Relation like [ between an 
energy gap and the radiant energy of equipment ] limits the effectiveness of equipment remarkably. The method of removing a 
temporary growth substrate is not restrictive, and chemical etching, lap polish / polish, reactive ion etching, and ion grinding are 
included in another approach. Removing a part or all of a layer in contact with the substrate of absorptivity further is also included in 
removal of a growth substrate. 

[0014] Next, wafer bonding of the 2nd substrate is carried out to LED structure. In the suitable example, the 2nd wafer is conductivity 
and translucency. A translucency substrate is an improvement layer in the engine performance at an absorptivity substrate and a 
contrast target. Wafer bonding can be performed in the best of LED structure, or the lowest layer Conventionally, since LED equipment 
equips the opposite edge with the electrode In order to add bias to the p-n junction of a component suitably, it is important for it to 
make the resistivity of the interface of a translucency substrate and a growth phase Into the minimum. In order to promote achievement 
of a desired resistive characteristic, using the component containing an Indium is proposed. The surface mobility other than In 
component is high, and diffusibility is high, and/or it is advantageous if the component (for example. Hg content. Cd content, and Zn 
component) of others excellent in the mass transfer property is used for the application of solid-state wafer bonding. 
[0015] 

[Function] The remaining LED structure of after removal of a temporary growth substrate Is thin to less than 10 micrometers and the 
degree of pole, therefore are easy to break, and one of the concerns at the time of adopting the above-mentioned approach Is hard to 
process. In the 2nd example, after a temporary growth substrate attaches the 2nd substrate in the maximum upper layer of LED 
structure, it is removed for the first time. When epitaxial growth of the 2nd substrate is not carried out and it carries out wafer bonding, 
it becomes possible to attach 8 mils or the thick substrate beyond it. It is easy to be transparent [ this 2nd substrate ]. and it serves as 
an improvement layer in the engine performance for optical emission and current difFusion. and/or serves only as a means for raising 
mechanical stability between the processes which perform 2nd wafer bonding of a translucency substrate on the side face of the LED 
structure where remove a growth substrate and a growth substrate is removed from there. When only mechanical stability is required, 
this 2nd substrate may be removed [ after carrying out the 2nd wafer bonding process ]. 

[0016] Although the clearest application that adopts a wafer bonding technique is an application which a light absorption nature 
substrate is removed and Is replaced with a translucency substrate, it is not limited to this. A temporary growth substrate is good at the 
substrate of translucency with the low conductivity which restricts a current diffusing capacity. Such a substrate will restrict the 
effectiveness of LED ultimately. Then, In order that conductivity may replace with the substrate of higher translucency. the engine 
performance of equipment can be raised by removing a transparent temporary growth substrate. Similariy, conductivity can replace one 
low absorptivity layer with an absorptivity layer with higher conductivity. 

[0017] The above-mentioned approach forms the luminescence semiconductor device which has a wafer junctional zone. It Is defined as 
a "wafer junctional zone" being the layer or substrate In which the property by which It Is characterized [ of having performed wafer 
bonding here / of a layer ] Is shown. One of such the descriptions is considered that the properties of the rearrangement which is 
formed in the interface by which wafer bonding was carried out and not suiting differ as compared with the heterogeneous interface of 
the mismatching by which epitaxial growth was carried out. The interface where wafer bonding was made is mainly accepted to be what 
presents the mismatching transition which consists of "a rearrangement of an edge (edge dislocation)", i.e., the rearrangement which 
has the Burgers vector in the interface by which wafer bonding was carried out. These properties are contrastlve with the mismatching 
interface which presents the rearrangement which it is not limited to the interface of a typical more high "a diffusion rearrangement 
(threading dislocation)'^, i.e.. mismatching, but is going to spread perpendicularfy to an interface and by which epitaxial growth was 
carried out. 

[0018] In the another example of this invention, epitaxial growth of the layer is carried out on the 1st growth substrate which does not 
need to be removed by becoming behind. In a humid environment, many of III-V semi-conductors of A1 content are unstable, and it 
deteriorates by hydrolysis. By such degradation, the trouble about dependability may arise in LED in which thickness contains a 
considerable aluminum content in-V epitaxial layer. For example, LED of AIGaAs as shown in drawing 22 deteriorates as a result of 
oxidation of a layer with high aluminum content during the reliability inspection under a humid elevated temperature. This degradation 
may be mitigated by adopting wafer bonding. For example, although aluminum content Is high, most of many layers (epitaxial layer 28) 
can be replaced with the thick translucency and the conductive wafer junctional zone whose aluminum content is not high. Similariy, the 
wafer junctional zone of GaP can be replaced with most transparence substrates 24. That is. in order to attain inactivation, a wafer 
bonding technique can be used. 

[0019] In the another example, wafer junction of the conductive mirror can be carried out at the LED layer which forms LED structure. 
Next, the beam of light emitted in the direction of a mirror reflects in LED structure, and the effectiveness of equipment is raised. In 
this example, a mirror is supported by the substrate as which the substrate or translucency substrate of absorptivity is sufficient. It is 
because a beam of light does not reach the substrate itself. 

[0020] Wafer bonding can be used in order to disregard any optical advantages and to raise mechanical stability and/or thermal stability 
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further. For example, in order to raise stability, a strong III-V semiconductor wafer or a SiC wafer is joinable to II-VILED structure. 
[0021] Furthermore, in the another example, pattern formation is carried out so that the property that a wafer is electric and/or that at 
least one wafer front face by which wafer junction is carried out is optical may change alternatively. For example, a hollow may be 
formed in the field chosen in advance of wafer bonding in order to form a desired current path in the active region of LED. Although 
reducing the beam of light turned to the electrode metalized in order to impress an electrical potential difference to LED as possibility 
of an application and to simplify manufacture of a spot emitter is included, it is not limited to this. It can use also for pattern formation 
changing the optical property which met the wafer front face further, and carrying out reorientation in the mode of a request of a beam 
of light. 

[0022] As mentioned above, a wafer junction interface has low electrical resistivity, and it is desirable that a mechanical strength is high. 
When attaining a desired resistive characteristic and the integrity on structure, it is Juan Dell Wace's force (van der waals' forces). It 
has become clear that it generally is not effective, either. It also became clear that a pressure and the combination of high temperature 
processing attain a desired ohm and a desired mechanical property more certainly. Furthermore, by applying a pressure under an 
elevated temperature, in case a wafer suits mutually and joins a comparatively thick layer especially, a certain trouble resulting from the 
complaint slippage on the front face of a wafer can be suppressed to the minimum, 

[0023] The advantage of this invention is to reinforce the engine performance of LED manufactured by this approach. The both sides of 
beam-of^light emission and current diffusion improve. Since wafer bonding does not receive constraint by the epitaxial growth of a 
substrate, another advantage is to be able to form 8 mils or the thick substrate beyond it with sufficient cost efficiency. Handling and 
the wearing property to a component improve according to a substrate being thick. 
[0024] 

[Example] When drawing 1 Is referred to. the 1st process which carries out this invention is choosing the growth substrate 30 as the 1st 
substrate which carries out sequential growth of two or more LED layers on it. In the suitable example, the growth substrate 30 is a 
temporary growth substrate removed after manufacture of an LED layer. In this example, since the electric and optical property of a 
growth substrate is not related to actuation of LED manufactured, a growth substrate can be chosen only about the property of 
influencing growth of an LED layer. For example, lattice matching is the Important side face in which it is considered when choosing a 
growth substrate generally. However, since a growth substrate is left behind depending on an example, in the example, properties other 
than the adaptability of growth become important. 

[0025] The thickness of the example of a temporary growth substrate 30 is 250 thru/or a GaAs substrate within the limits of 500 
micrometers. Next, four LED layers 32, 34, 36, and 38 grow on the growth substrate 30. The LED layer 32-38 can use any of the various 
well-known approaches containing liquid phase epitaxy, vapor phase epitaxy, metal organic chemistry vacuum evaporationo, and 
molecule beam epitaxy they are, and can make it grow up. This Invention can be used for the LED equipment of every class although the 
LED layer 32-38 forms the duplex heterojunction LED. 

[0026] The LED layer 32 right above the growth substrate 30 is n. - Although it is the doped buffer coat, it also becomes the 2nd side 
face combined with the growth substrate (30). In the upper part of a buffer coat, it is n. - The AIGalnP sea! layer of the doped lower 
part grows. The thickness of the LED layer 34 of a lower seal layer is 800 nanometers. 

[0027] As for the LED layer 36 used as the active layer of AIGalnP, thickness grows to 500 nanometers. Next, p - While becoming the 
up seal layer of doped AIGalnP, the 1st side face is [ the model thickness of the LED layer 38 ] 800 nanometers. In order to improve the 
engine performance of LED structure by promoting difTlisiori of a current, you may make it grow up on the LED layer 38 which turns into 
an up seal layer by making a window layer with conductivity it being transparent and higher than the LED layers 34. 36. and 38 into an 
option. Such a window layer is indicated by U.S. Pat. No. 5,008,718 besides Retcher (Fletcher). 

[0028] The light absorption nature of extent which is in the LED layer 32-38, and the error of electrical resistivity are permitted. As for 
it, these layers are fully thin, and it is because it is not necessary to reach a compromise remarkably in the engine performance of a 
component in order to attain the optimal property. However, a temporary growth substrate 30 of light absorption nature affects the 
engine performance cleariy. Now, if drawing 2 is referred to, a growth substrate is already removed and the LED structure formed of the 
LED layer 32-38 which is a growth phase is left behind. Removal of a growth substrate can be attained by the approach of those 
combination including chemical etching, lap polish / polish, reactive ion etching, and ion grinding. As long as a pure and flat front face 
appears after removing, the method of removing a growth substrate is not restrictive so that it may explain in full detail behind. In 
addition to a growth substrate, all or a part of LED layers 32 which is a buffer coat can be removed, and a part of LED layer 34 which is 
a lower seal layer can be removed. 

[0029] After removing a growth substrate temporarily, the improvement substrate in the engine performance is joined for any of the LED 
layer 32 of the lowest layer of the LED structure 40 shown in drawing 2 , or the LED layer 38 of the maximum upper layer being. The 
location of the wafer which should be joined is influenced by the electric and optical property of the LED structure 40 and a growth 
phase 32-38, and/or the substrate joined. A wafer bonding technique is adopted. As compared with the option which gives an engine- 
performance enhancement substrate to LED. many advantages are acquired by wafer bonding. 

[0030] Drawing 3 shows the example by which was used as a clear layer and wafer junction was carried out at the conductivity which is 
also a permanent substrate, and the LED layer 32 whose translucency substrate 42 is a buffer coat. Even if it is not necessary to grow 
up a translucency substrate into wafer bonding, the advantage that this can be obtained is brought about. The conductivity by which 
wafer junction was carried out preferably, and the translucency substrate 42 have the thickness exceeding 8 mils. Long duration will be 
extremely required, even if it is difficult to grow up the substrate which has the thickness which is equal to a Prior art being used, or It 
is impossible and it is possible. Since what is necessary is just to grow up only the LED layer 32-38 of the LED structure 40 which is a 
film comparatively, the time amount which epitaxial growth takes can be shortened dramatically, and throughput can be made into the 
maximum by it. Furthermore, the thick equipment with which the mechanical property was reinforced by the wafer bonding process as 
compared with the translucency substrate by which epitaxial growth is carried out is obtained. Since the LED equipment produced as a 
result becomes still easier and handling stops being able to damage it easily, manufacture becomes easier and the quantity of output of 
equipment increases. Wafer bonding may be used in order to displace the p-n junction section from the pars basilaris ossis occipitalis of 
equipment further, and in case equipment is mounted In conductive silver content epoxy like before by it, possibility that equipment will 
consider as a short circuit is mitigated. 

[0031] Now, reference of drawing 4 includes the LED technique of the normal mode in the remainder of a production process. An 
electrode 44 is formed of vacuum evaporationo for example, on the LED layer 38 which is an up seal layer. The typical ingredient which 
forms an electrode is a golden-zinc alloy. The 2nd electrode 46 is formed on conductivity and the translucency substrate 42. Although 
vacuum evaporationo is used also in this case, it is not limited to It. A typical ingredient is a golden-germanium alloy. 
[0032] In order to adaptation-ize with wafer bonding depending on the case, it is desirable to correct the above-mentioned process, or 
even the need has a certain thing. For example, in drawing 5 . wafer junction of the 2nd substrate 48 which is also a permanent 
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substrate of a SiC substrate is carried out at the structure of drawing 1 . That is, before the 2nd substrate removes a temporary growth 
substrate 30, wafer junction of it is carried out. As for the 2nd substrate 48, it is desirable that it is a ''thick'^ layer exceeding 6 mils. 
The mechanical stability of equipment will improve sharply, since the time amount by which the LED layer 32-38 of an epitaxial layer is 
not supported with a substrate by carrying out wafer junction is lost before removing the growth substrate 30. As another selection, 
epitaxial growth of the buffer coat may be carried out on the 2nd substrate 48 before wafer bonding. Such an epitaxial buffer coat may 
be used with the layer replaced with the growth substrate 30 at the pars basilaris ossis occipitalis of the LED layer 32 which is a buffer 
coat. 

[0033] In the another example, the equipment of drawing 1 is easy to be the thing of formal structure conventionally which has the LED 
layer 32-38 which grows on the growth substrate 30 of translucency or absorptivity. In that case, the 2nd substrate 48 by the wafer 
junctional zone of drawing 5 R> 5 will serve as a layer of thick conductivity like the current diffusion window layer mentioned above with 
reference to U.S. Pat. No. 5,008,718 besides Retcher (Fletcher), and translucency. Furthermore, since beam-of-light emission and/or a 
current diffusion property are raised after joining the 2nd substrate 48 of the maximum upper layer, it is also possible to remove the 
original growth substrate 30 and to carry out wafer junction of another Improvement substrate in the engine performance at the pars 
basilaris ossis occipitalis of the remaining structure. 

[0034] Furthermore, the component of drawing 1 may have low conductivity and it may have the growth substrate 30 of a formal 
translucency layer conventionally to which the current diffusing power of equipment is limited. In this case, it is desirable to carry out 
wafer junction of the translucency substrate with higher conductivity. If conductivity Increases, the engine performance of equipment 
will improve. Wafer junction of the translucency substrate of replacement is carried out at the exposed LED layer with low conductivity. 
Wafer junction of the fluent stirrup of removal of the translucency substrate of replacement with higher conductivity of a translucency 
layer with low conductivity can be carried out behind at LED structure. 

[0035] Similariy, conductivity may replace a temporary growth substrate of absorptivity with a higher absorptivity substrate. Although it 
is not suitable this example to use wafer bonding in order to attach an absorptivity layer, such wafer bonding will also raise the engine 
performance of an LED component similariy. 

[0036] Now, if drawing 6 is referred to, wafer bonding can be used also in order to inactivate which structure of drawing 1 or drawing 3 . 
Since such a semi-conductor tends to deteriorate by hydrolysis, many aluminum content III-V semi-conductors are unstable in a humid 
ambient atmosphere. A problem may arise In respect of dependability in LED which contains the LED layer 30-38 of the aluminum 
content in-V epitaxial layer of considerable thickness by such degradation. For example, degradation may originate in oxidation of the 
LED layer 38 which is a seal layer of the upper part where aluminum content is high during use under a humid elevated temperature. 
Degradation can be prevented if most aluminum content layers are replaced with thick translucency with the low content of aluminum 
component, and a conductive wafer bonding layer. For example, the wafer bonding layer 50 is good at GaP. 

[0037] If drawing 3 is referred to again, the electrical Installation of the request between conductivity, the translucency substrate 42, 
and the LED structure 40 can be guaranteed by implementation of metallzation. For example, a thin contact field can be formed in the 
top face of the conductivity by which wafer junction is carried out. and the translucency substrate 42. A corresponding contact field can 
be formed In the LED layer 32 of the lowest layer of LED structure. A less than 1000A contact has desirable thickness. Although the 
pattern of a contact needs a fully large thing in order to secure a proper electric contact, the interface of LED structure, and the 
conductivity and the translucency substrate 42 is In a translucency substrate, and the gross area which a contact occupies needs a 
small enough thing to enable transparency of the beam of light from a translucency substrate. An alloy or a non~alloy is sufficient as a 
contact. Then, the front face of a substrate is contacted with the front face of the LED layer 32 of the lowest layer, equipment goes up 
and temperature is heat-treated. The wafer bonding in the field which is not metalized by heat treatment is attained, and junction at the 
metalized contact is made. 

[0038] In semi-conductor-glass junction, the bonding strength which was excellent as compared with seml-conductor-seml-conductor 
junction was accepted. Also in semi-conductor-S{02 junction, the same thing is accepted as compared with semi-conductor-semi- 
conductor junction. Thus, probably. It will be desirable to form LED of a translucency substrate from a viewpoint of mechanical integrity 
by manufacturing the fastening layer of a seml-conductor-glass-semi-conductor or the fastening layer of a semi-conductor-SI02- 
semi-conductor. If drawing 7 is referred to, glass, SI02, or the layer 52 of other oxides can be formed on conductivity and the 
translucency substrate 54. Next, pattern formation of the layer 52 Is carried out, and the contact metalization field 56 is given like [ in 
the case of the example described immediately before ]. or — or it — in addition, pattern formation may be carried out to an oxide 
and/or the contact metalization field 58 on the LED layer 32 of the lowest layer of the LED structure 40. Also in this case, a contact 
gives sufficient area for good electric contact, and as it still makes an interface translucency sharply at coincidence, pattern formation 
needs to be carried out. Next, it is contacted with the front face of the LED layer 32 whose front face of a layer 52 is a buffer coat, and 
the wafer junction between layers is formed of processing. The bonding strength between Ingredients is reinforced by heat treatment. 
[0039] Now. reference of drawing 8 can carry out wafer junction of the above-mentioned LED structure 40 at a mirror 60. A mirror 60 
reflects the beam of light emitted caudad there or the internal beam of light reflected previously. The beam-ofHight output of equipment 
Is heightened by reflection. A mirror 60 is suitably supported by the substrate 62. Since a beam of light is reflected before it reaches a 
substrate, the optical property of a substrate Is unrelated. 

[0040] In order to add bias to the LED structure 40. a mirror 60 and a substrate 62 need to consist of a conductive Ingredient so that 
an electrode can be joined to a substrate. Furthermore, please care about that what consists of epitaxial growth or the Bragg reflector 
by which joining was carried out is sufficient as a mirror. In order to form a substrate 62, silicon, GaAs. or the same ingredient of a 
certain kind can be used. Equipment is under an elevated temperature, or when operating under a high current, since thermal 
conductivity is comparatively high, some of these ingredients, for example, SI, can raise equipment further witii these ingredients, 
[0041] Laminating LED equipment can also be formed using a wafer bonding process. Such a component Is shown in drawing 9 . when an 
interface Is an Interface where high conductivity is held through equipment, two or more LED structures 40 and 64 can be joined 
mutually, and (or) It can join to another layer. The format of the toe ping of the LED layers 34 and 38 of the upside LED structure 40 
corresponds with the format of each doping of the layers 70 and 66 of the lower LED structure 64. Therefore, it Is arranged with the 
polarity with two same LED structures 40 and 64. Furthermore, the front face by which wafer junction is carried out needs to be 
prepared so that it may be doped very heavily. Thus, In case structure is joined mutually, the tunnel junction section 72 which has a 
polarity contrary to LED structure and which was doped heavily is formed. Or epitaxial growth of the tunnel junction section may be 
carried out as a part of LED structure, performing wafer bonding on the exposure front face of this joint. 

[0042] The equipment of drawing 9 operates by impressing an electrical potential dIflFerence to the up electrode 74. and impressing an 
electrical potential difference to the lower electrode 76 so that bias of each LED structures 40 and 64 may be carried out to the 
forward direction. A lower electrode is the metalization layer by which It was pattemized on conductivity and the translucency substrate 
78. The forward bias of laminating equipment adds a reverse bias to the tunnel junction section 72 doped heavily, and makes the tunnel 
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junction section conductivity by it. Thus, in order to raise a beam-of-light output and effectiveness, the laminating of the LED of the 
number of arbitration can be carried out mutually. The LED equipment which consists of the laminating of the LED structures 40 and 64 
operates with the grand total of the electrical potential difference of each LED structure in case the laminating of it is not carried out 
mutually. The LED layer 36 and active layer 68 which are an active layer are not deterministically important for having the same radiant 
energy. However, as for conductivity and the translucency substrate 78, it is desirable to have the larger energy gap than the emission 
energy of each LED structure. Please care about that a laminating can be formed, also when all the conductive formats are reversed. 
[0043] On the occasion of formation of LED, wafer junction of the substrate of the number of arbitration can be carried out. In the 
suitable example, a wafer binder course is a semi-conductor with which thickness exceeds 1 mil. The combination of the arbitration of 
Si, germanium. AIP, AlSb, GaN, AIN and GaP. GaAs, GaSb, InP. InAs, InSb, ZnS. ZnSe, CdSe. CdTe, SiC. or the above-mentioned alloy is 
included in a permissible ingredient. A commercial thing is sufficient as a wafer junction substrate, or what added the epitaxial growth 
phase to the commercial substrate is sufficient as it. The reason for adding an epitaxial growth phase is for raising the conductivity of 
the interface of wafer junction [ **** / raising the bonding strength of a substrate ]. A wafer junction substrate can be independent and 
can also be [ the above-mentioned ingredient removed from a temporary growth substrate Is thick, namely, ] an epitaxial layer 1 mils or 
more. Furthermore, were formed on a temporary growth substrate, for example, a wafer junctional zone may be a 2-micrometer thinner 
epitaxial layer. Then, wafer junction of such a layer is carried out, and this growth substrate is removed succeedingly. 
[0044] Drawing 10 shows the example by which wafer junction is carried out to the LED structure 128 where the semiconductor wafer 
126 as the 1st layer by which pattern formation was carried out consists of the upside seal layer 130. an active layer 132. and the lower 
seal layer 134. LED structure is grown up on a substrate 136. or wafer junction can be carried out at a substrate 136. Although a 
current diffusion window which was explained with reference to drawing 5 is sufficient as the semiconductor wafer 1 26 by which pattern 
formation was carried out. It Is not limited to this. The semiconductor wafer 126 by which pattern formation was carried out is etched in 
order for the lower front face 1 38 as the 1 st front face to become depressed and to form 1 40. In case the semiconductor wafer by 
which pattern formation was carried out by preparing a hollow is joined to LED structure, the both sides of electrical characteristics and 
an optical property change. 

[0045] In drawing 1 1 . wafer junction of the semiconductor wafer 126 by which pattern formation was carried out is carried out at the 
seal layer 130 of the upper part of the LED structure 128. Next. Electrodes 142 and 144A are formed on the up front face of the 
semiconductor wafer 126 by which pattern formation was carried out. and the lower front face of a substrate 136. The hollow 140 in the 
patternized wafer forms a cavity or an opening. Although a current flows in the LED structure 128 by impressing an electrical potential 
difference to an electrode 142, as the arrow head of the flow of the current of drawing 1 1 shows, a current does not flow in the field 
just under a cavity. 

[0046] Generally the field of an electrode is a field of absorptivity. Consequently, the effectiveness of LED equipment improves by the 
flow of the limited current as shown in drawing 1 1 . and the approach of choosing a current flow path which is not complicated is 
acquired. 

[0047] An advantage is acquired by the flow of the current to which the LED equipment of others like a display and a spot emitter was 
also limited. Drawing 12 shows the spot emitter 142 equipped with the LED structure 144 on the substrate 146. Hollows 148 and 150 are 
formed in the wafer bonding layer 152. The cavity of the interface of LED structure and a wafer bonding layer achieves the function 
which limits the flow of the current from electrodes 154 and 156 to an interface. Since a hollow limits the electric surface of action In 
an interface, it becomes depressed according to the limited current flow path, and a current impregnation field is obtained between 148 
and 150. With an example which combines the spot emitter 142 with an optical fiber device, the circulation and the bearn-of-iight output 
of a current in a centra! field are desirable. In the suitable example, hollows 148 and 150 are parts from which a single annular cavity 
differs, and a bore forms a central current impregnation field in this cavity. 

[0048] The pattern formation of a semiconductor wafer by which wafer junction is carried out can be used in favor also of also carrying 
out reorientation of the beam of light emitted from the LED layer strategically. The reorientation of a beam of light changes with the 
geometric-like configurations, the applications, and the methods of cling of equipment. The example is shown in drawing 13 . LED layer 
156A is fastened between the upper layer 158 and a lower layer 160. Wafer junction of the external layers 162 and 164 is carried out in 
the opposite side. The non-joining flelds 166.168 and 170 are formed in the part fully distant from the electrode 172 so that a current 
can be spread to a non-joining field. However, if it does not do so. in order to carry out reorientation of the beam of light absorbed with 
an electrode, cavities of enough are in an electrode in near. Thus, improvement in beam-of-light emission is realizable. 
[0049] Although the flow of the current from an electrode 172 to LED layer 156A is hardly influenced by the non-joining fields 166.168 
and 170. the beam of light from an LED layer is influenced. The reorientation of a beam of light is produced as a result of the difference 
of a refractive index with the layer which adjoins the non-joining field 166,168.170. The refractive index of a surrounding semi-conductor 
is good at about 3, and, on the other hand, the refractive index in a cavity is about 1. The exact refractive index in a non-joining field Is 
influenced by the junction approach of a semiconductor wafer. Typically, junction is H2. Or PH3 It is carried out in a gas environment 
[ like ]. Therefore, a cavity will be filled up with a gas. Such a gas has the refracth^e index very near 1 at standard atmospheric pressure 
and temperature. This is not strict, although the refractive Index of a semi-conductor is larger than the refractive index of a cavity the 
optimal so that a beam of light may not be shut up in a cavity. 

[0050] The option which joins the semiconductor wafer by which pattern formation was carried out to LED is the approach of carrying 
out pattern formation to one of the LED layers, before joining to the substrate which pattern formation was carried out to the LED 
layer, or is not used as it. In drawing 14 . the LED layer 174 by which pattern formation was carried out became depressed, and has 
prepared 176. Epitaxial growth of the LED layer 174 by which pattern formation was carried out could be carried out from the beginning, 
and wafer junction could be carried out at the LED layer 178 located under a substrate 180. Wafer junction is carried out on the upper 
front face of an LED layer on which pattern formation of the 2nd substrate 182 was succeedingly carried out to formation of a hollow 
176. Or pattern formation may be carried out to the LED layer 174 and/or the 2nd substrate 182. Furthermore, it is also possible to 
carry out wafer junction of the two layers by which pattern formation was carried out to at least one side separately, and then to carry 
out wafer junction of the two layers at an LED epitaxial layer. 

[0051] If drawing 10 is referred to again, a hollow 140 can be formed in a semiconductor wafer 126 using a standard etching technique. 
In order to carry out pattern formation to the front face of the wafer joined, a well-known option can also be used technically. When it 
mentions as mere instantiation, the combination of the arbitration of the alternative difflision for forming the laying-under-the-ground 
p-n junction section by which the reverse bias was carried out or an ion implantation, the approach of growing or vapor-depositing an 
insulating oxidizing zone by the alternative pattern, and the various approaches of using etc. Is included in an option. About an oxidizing 
zone, the refractive index of almost all oxide is about 1.6, and it is sufficient refractive index for this to carry out reorientation of the 
beam of light like etching and the above-mentioned cavity formed of wafer bonding. 

[0052] The trial of the wafer bonding by which pattern formation was carried out was performed using the n-GaP substrate. It was 
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combined with the n-GaP substrate by which pattern formation is not carried out using the technique which the pattemized n-GaP 
substrate mentions later. As for the substrate by which pattern formation was carried out, the diameter was formed by about 1 75 
micrometers by etching the annular hollow whose depth is about 15 micrometers. The hollow had only 125 micrometers of spacing 
separated. Being able to attain the pattern formation of a substrate easily with such a dimension, Junction had sufficient mechanical 
strength to be able to carry out the cleavage of the substrate. It experimented also in the small hollow rather than it was about 40 
micrometers. It is also possible to extend the contraction range even in dimension of less than 10 micrometers, and current limitation 
and the beam-ofHight diffusing capacity of a detailed scale will be obtained. The flow of a current was enabled between the fields where 
the wafer by which pattern formation was carried out was Joined, and the GaP-GaP Junction with the low electric resistance for unipolar 
junction [ which ] of n-form or p-form was also attained using the technique mentioned later so that the flow of the current in the 
cavity which is not Joined to coincidence might be prevented. 

[0053] Application drawing 15 through which it actually passes shows the well-known equipment for attaining wafer junction of the wafer 
80 of a pair. The wafer of a pair has met the 1st graphite member 84. The area of the field 82 with a slot in the 1st graphite member is 
0.5 inch xO.8 inch. The 2nd graphite member 86 equips with the hole 88 the location which receives the alignment pin 90 which 
protruded from the 1st graphite member. In order to change the thickness of the wafer 80 of a pair each other joined by run-two-run, 
graphite SIMM (not shown) can be arranged in the fluting field 82. 

[0054] After joining the 2nd graphite members 84 and 86 to the 1st using an alignment pin 90. an assembly is Inserted into the ****** 
quartz tube 92, and this quartz tube is inserted in an open pipe form heat furnace next. Temperature rises up to 850 to 1000 degree C 
in H2 ambient atmosphere of the 1.01. rate of flow for /. A temperature period is a period made to incline toward desired temperature, 
after that, does not have 5 seconds and is ********(ed) for 1 hour. Next, a cooling period continues. 

[0055] The wafer 80 of a pair is compressed during heating. Compressive force is produced according to the difPerence of the 
coefFicient of thermal expansion (5.5x1 0-7/degree 0) of a quartz tube 92. and the 1st and the coefFicient of thermal expansion (8.4x10- 
6/degree C) of the 2nd graphite members 84 and 86. Furthermore, since the coefficient of thermal expansion (it is 5.8x1 0-6/degree C in 
GaP) of a wafer 80 is considerable, compressive force is promoted further. At the temperature which rose, an III-V semiconductor wafer 
becomes plasticity a little. Consequently, if a wafer front face is compressed, it will contribute to adapting oneself mutually and the 
non uniformity on the front face of a wafer being amended. 

[0056] Before loading in the wafer bonding equipment of drawing 15 , a wafer 80 must be made into clarification and must remove dirt 
and an oxide from a wafer front face. Generally an organic contamination is removed by the cleaning technique. When Ingredients are 
InX Ga1-x P and GaP, oxide is typically removed by being etched by NH4 OH. After etching, in order to remove residual NH4 OH from a 
wafer, a wafer is immediately placed into a methanol. While a sample is in a methanol, it changes the front face Joined into the contact 
condition. 

[0057] Next, a methanol is removed from the wafer 80 which touches. A methanol evaporates promptly and a wafer 80 is stopped by the 
Juan Dell Wace force at an integrated state. However, generally sufficient mechanical strength is not In Junction by Juan Dell Wace, and 
sufficient conductivity to be used by manufacture of the above LED equipments generally is not acquired. Therefore, still more neariy 
another solid-state Junction is required. Then, the wafer bonding equipment of drawing 15 is used. 

[0058] In the following experiment, the wafer consists in the direction of substrate [(100)+ (110) of GaP:S (n-5x1017cm-3) of 10 degree] 
and GaP2n (created from the vapor phase epitaxy GaP with a thickness of 2 mils made to grow on GaAs) (p-2x1018cm-3) '^a false 
substrate'^ in the direction of 2 degrees or (100) + (110). The layer which consists of LED of InO.5 (Alx Ga 1-x) 0.5 P duplex variant 
structure grown up on GaAs by -1 -micrometer InO.5 GaO.5 P:Te (n-1x1018cm-3) grown up by metal organic chemistry vacuum 
evaporationo (MOCVD) on GaAs:Te (n-5x1017cm-3) and MOCVD was also used. The GaAs substrate was (100)+2 degree orientation in 
the direction of (1 10). Generally the heat damage on the front face of exposure is removed by etching in HCL:HN03:H2 0 (1:1:1) after 
solid-state wafer bonding. Next a wafer is metalized by AuGe for n-form contacts, and/or an alloy is metalized and carried out by AuZn 
to p form contacts, and it Is cut to a chip. 

[0059] It became clear that the important point which should be taken into consideration when performing the above-mentioned process 
so that a desired electric resistance property may be attained in the interface of the wafer 80 of two wafer bonding layers was 
processing of the front face of the wafer before contact. As mentioned above, surface treatment of the wafer is etched and carried out 
to a suitable process by NH4 OH. and the process at which a wafer 80 contacts mutually and Joins a front face during immersion among 
methanol solution is included after that. The wafer Joined after the processing included in these two processes etches by HFideionized 
water (1:10), and then it rinses by deionized water, and is N2. It was compared with the wafer Joined after dried another down stream 
processing. The wafers to which the case of both sides was Joined were an n-form GaP substrate and a thing which consists of n(on 
GaAs:Te)-form InO.5 Ga0.5P. After another surface-preparation process, the wafer was loaded into the wafer bonding equipment of 
drawing 15 . The wafer was similariy heat-treated at 1000 degrees 0 for 1 hour. In the case of the wafer processed with the NH4 OH- 
methanol, resistance Junction of clear comparatively low resistance was shown by the current-voltage characteristic. HF: The wafer 
processed by etching by deionized water presented the non-resistive characteristic as if the "obstruction" was formed in the interface 
of the Joined wafer. Such a non-resistive characteristic is not permitted by the application through which a current should generally flow 
to another substrate by which wafer junction was carried out from one substrate by which wafer junction was carried out. 
[0060] It is thought that the surface treatment by the NH4 OH-methanol is suitable processing which now attains a desired electric 
resistive characteristic when Joining the n-form InGaP to the n-form GaP. It etches by NH4 OH, rinses with a methanol, and is N2 
before contact. A non-resistive characteristic arises in another surface treatment which is dried. However, in order to join n(on n-form 
GaAs:Te)-form InO.5 GaO.5 P to n-form InO.5 GaO.5 P (on GaAs:Te), when the same processing was performed, the desired resistance 
coupling property arose. Although this surface treatment of this difference is enough for InO.5 GaO.5 P, it will be because all oxides are 
unremovable fr'om GaP. In the case of In component, it is mentioned as another explanation considered as a cause of this difference 
that the Junction property improved. 

[0061] (a) The comparison with the wafer by which solid state welding was been [ nothing ] and carried out from InO.5 GaO.5 P of n-form 
joined to InO.5 GaO.5 P of n-form, and the wafer which consists of InO.5 GaO.5 P of n-form joined to GaP of a (b) n-form and by which 
solid-state junction was carried out was made. Wafer association which has the electric resistive characteristic of a request of the 
wafer of both groups was obtained. However, Junction of InO.5 GaO.5 P/InO.5 GaO.5 P of n-form of the (a) unipolar presented remarkable 
low resistance in the interface as compared with InO.5 GaO.5 P/GaP Junction of unipolar n-form of the (b) unipolar. In (a), resistance was 
about 1 .5 ohms, and. on the other hand, in (b), resistance was about 5 ohms. (20x20-mil dice) Or as compared with Junction of InO.5 
GaO.5 P/GaP attained at 1000 degrees C, at low temperature, the Junction whose resistance is lower InO.5 GaO.5 P/InO.5 Ga0.5P can 
cover the whole wafer field, and can be formed from that [ about 975-degree C ]. 

[0062] The result of an experiment shows that In component is desirable to the solid-state wafer bonding used by manufacture of LED. 
As one explanation possible as the reason, it is mentioned between the junction processes of a semiconductor wafer that an ingredient 
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can change [ an ingredient] according to shearing stress, evaporation-coagulation, and mass transfer. The enhancement of junction 
accepted in In component has the high surface mobility of In atom as compared with Ga atom, or is desirable as a result in which the 
mass transfer property of InO.5 GaO.5 P is excellent as compared with GaP. Furthermore, it is known for AIGaAs-GaAs-InGaAs 
structure that whenever [ diffusion ] is comparatively high. Similarly, into a solid phase wafer bonding process, the alloy of the In can be 
carried out to diffusion or GaP, and It can form an InX Gal-x P (x< 0.5) alloy around the joined interface. 

[0063] In addition to In component the surface mobility of the same property, i.e., an atom, can also use a high thing and/or another in- 
V which has the property of improvement in a mass transfer property, or an n-VI component in favor of solid-state wafer bondings. 
Therefore, Hg content, Cd content, and Zn components are the main candidates in such an application. 
[0064] Another, important parameters which form the solid-state wafer junction equipped with the desired electric resistive 
characteristic are the temperature distribution in the case of heat-treating a wafer 80 within the equipment of drawing 15 . Drawing 1 6 
shows two different temperature distributions. The "quick" inclination (ramp) to 1000 degrees C is shown by upside temperature 
distribution, and. on the other hand, as for lower temperature distribution, the inclination of the "slow speed" to 1000 degrees G is 
shown. After inclining to 1000 degrees 0 in any case, heat treatment of 1 hour is performed. The same temperature distribution for 
cooling are shown. 

[0065] By the inclination of lower "slow speed", it is general more low temperature, and the resistance coupling covering a substantial 
more large area arises. This phenomenon is produced by the junction front face which is not compressed during some periods of 
elevated-temperature In advance of wafer bonding, a certain amount of surface decomposition or oxide balking by heat will be 

attained by it Furthermore, probably, effective heat treatment according [ such a difference ] to the inclination of "slow speed" 
originates in a ****sMnM!. However, this operation is accepted only in junction of the wafer of n-form and n-form. Such a dependency 
was not accepted by junction of the wafer of p-form and p-form. [0066] It is clear for the resistance junction between [ of p-form ] 
wafers to be easier than the wafer of n-form to some extent. It is p-GaP and p-GaP, and wafer bonding of n-GaP and n-GaP was 
performed. As for junction, the case of both sides was performed at 1000 degrees C for 1 hour. The resistance junction covering all the 
fields of a sample produced junction of the both sides of n-form and p-form. However, in the case of a 12x12-mil chip, a bond 
resistance is GaP/GaP. From the case (about 5 ohms) of n-form unipolar wafer junction, it is GaP/GaP. The direction in p-form unipolar 
wafer junction (less than 0.9 ohms) was sharply low. As compared with n-form DOPANTO, the resistance junction between P-form 
samples will be easy to be formed according to the diffusion coefficient of p-form DOPANTO being high. 

[0067] Absorptivity GaAs structure is removed and it is InO.5 0.5 (Alx Ga1-X) P about a translucency GaP substrate. By carrying out 
solid-state wafer junction, the remarkable improvement in the beam-of-light output of twice [ about ] was attained by LED as compared 
with the LED substrate with same having left the original absorptivity GaAs growth substrate. 

[0068] With this equipment, although the wafer bonding equipment of drawing 15 attains the result of a request, though regrettable, it 
cannot be concerned with temperature and cannot apply compressive force that there is nothing. That is, since this equipment produces 
compressive force as a result of the thermal expansion of an ingredient a pressure and temperature are separately uncontrollable. 
Consequently, the fission reactor of drawing 17 and drawing 18 was developed. Drawing 1717 shows the plan of a fission reactor 94. The 
fission reactor is equipped with two graphite members 96 and 98 for compressing the wafer of a pair. The alignment pin 100 of one 
graphite member 96 is received in the notch of another graphite member 98. 

[0069] The graphite members 96 and 98 are arranged in the heat furnace tube 102. The back graphite member 96 is in a fixed position 
to the heating furnace tubing 102 by receiving a shaft 106 in the arc opening 108 of a graphite member. The front graphite member 98 is 
movable in the heating furnace tubing 102. The pneumatic pressure piston Is attached in the shaft 104 received in the opening 112 of 
the graphite member 98. If It pulls, In order to apply good transformation to the wafer of the pair In the location of 1 10. the pneumatic 
control of the pneumatic pressure piston Is carried out to the graphite member. 

[0070] Reference of drawing 1 8 shows the condition that the wafers 112 and 1 14 of a pair are separated at first Drawing 1 9 shows this 
and a contrast target the 1st which two wafers 120 touch from the beginning, and the 2nd graphite members 116 and 118. The example 
of drawing 19 is examined and it is shown that preliminary data can continue and carry out solid-state wafer bonding to the whole 
interface. Distribution of the impressed pressure as a function of temperature is important when making the crack and breakage of a 
wafer 120 into the minimum. It may originate in crack initiation applying high pressure at the temperature which is not flexible. 
[0071] Probably, the example of drawing 18 which can separate wafers 112 and 114 first will be suitable, since It can carry out heat 
balking of the oxide from a wafer front face before joining a wafer. Or it is sometimes desirable to decompose the frx>nt face which 
should be joined to some extent The example of drawing 18 promotes such junction conditions. 

[0072] It may prevent seceding from a wafer front face to a participating object separately, and covering a front face with As cap or P 
cap as another possibility, and oxidizing more than it The wafer equipped with the cap will be arranged between graphite members after 
that. Since a cap separates the fi'ont face of a wafer itself effectively, it is not important whether the wafer equipped with the cap 
touches physically. Next, the wafer equipped with the cap is heated by the temperature exceeding 500 degrees 0, the cap of a wafer is 
removed, and the fi^nt face which does not contain an oxide injunction is left behind. Next, a wafer is pressed, it is contacted and 
temperature rises to solid-state wafer bondings. 

[0073] Furthermore, the gas of a doping agent can be circulated through the heat furnace 102 of drawing 17 during junction, and the 
carrier concentration in the interface joined can be raised. H2 Se. H2 S. DETe, and DMZn will be contained In suitable DOPANTO gas. It 
is Important especially for n-form association expected for this to be more difficult than p-form junction. 

[0074] Formation of resistance solid-state wafer bonding is possible at low temperature rather than required of the equipment of 
drawing 18 by the fission reactor 94 of drawing 17 . Mixing of the layers of an epitaxial LED layer will be inhibited to the minimum by that 
temperature is low. A more important point is that migration of the p-n junction section within the layer of equipment is inhibited to the 
minimum by that temperature is low. 

[0075] There are mechanical and joining [ of a wafer ] a dogged semiconductor wafer to the semi-conductor layer which lacks in 
stability in order to improve thermodynamic stability in still more neariy another application of the wafer bonding for the example of LED. 
One specific example is III-V or II-IV more generally than an IV-IV semi-conductor expected for stability to be missing about the both 
sides of machine stress and thermal stress. It is the example of an LED structural steel worker. Consequently, it is desirable to carry 
out solid-state wafer association of mechanical ni-V semi-conductor dogged In an II-V layer in order to improve the both sides or one 
side of thermodynamic stability or SiC substrate of LED equipment. 

[0076] As mentioned above, although each example of this invention was explained in full detail, in order to make an understanding of 
this invention easy here, it summarizes about the embodiment of each example of this invention, and enumerates below. 
1st Ingredient Which Has Property with Manufacture and Adaptability of Light Emitting Diode Layer (32. 34, 36. and 38) Which Has 
Desired Mechanical Characteristic is Chosen.; Selection 1. By Forming 1st Substrate (30) Which Consists of 1st Ingredient Carried Out, 
and Manufacturing Light Emitting Diode Layer on; 1st Substrate It Is the manufacture approach of the light emitting diode which 
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consists of a: process which chooses the translucency ingredient which forms a light emitting diode substrate (40) and fits improvement 
in the engine performance of; light emitting diode structure, and carries out wafer bonding of the clear layer (42) of; and the selected 
translucency ingredient to a light emitting diode layer. 

[0077] 2. The process which manufactures a light emitting diode layer is a process to which epitaxial growth of two or more light 
emitting diode layers (32, 34. 36. and 38) is carried out on the 1st substrate (30), and is the manufacture approach of light emitting diode 
given in said 1 which chooses as the 1st ingredient an ingredient which obtains a grid with two or more epitaxial growth and adaptability 
of a layer. 

[0078] 3. It is the manufacture approach of light emitting diode given in said 1 which includes further the process which removes the 1st 
substrate (30), or said 2. 

[0079] 4. The process which removes the 1st substrate (30) is a process performed in advance of the wafer bonding of a clear layer 
(42), and this wafer bonding is the manufacture approach of a light emitting diode given in said 3 which is the process which carries out 
wafer bonding of the translucency substrate to the side face of the light emitting diode structure (40) where the 1st substrate is 
removed from there. 

[0080] 5. The process which carries out wafer bonding of the clear layer (42) to light emitting diode structure (40) is the manufacture 
approach of a light emitting diode given in said 1 which is the process performed at the temperature which rose including raising 
temperature in order to soften the layer (32 and 42) by which wafer bonding is carried out in order that resistance might obtain low 
electrical installation. 

[0081] 6. The process which carries out wafer bonding is the manufacture approach of light emitting diode given in said 5 which is a 
process including applying a pressure to a layer (32 and 42). in order to attain the acjjustment of the layer by which wafer bonding is 
carried out. 

[0082] 7. It is the manufacture approach of light emitting diode given in said 1 which is the process as which at least one side of the 
process which manufactures a light emitting diode layer (32. 34. 36. and 38). and the process which chooses a translucency ingredient 
chooses one of In component. Cd component, and the Zn components in the interface of the layer (32 and 42) by which wafer bonding is 
carried out. 

[0083] 8. Form a Temporary Growth Substrate (30) for Grid Which Has Epitaxial Growth and Adaptability in Light Emitting Diode Layer 
(32, 34, 36, and 38), and Carry Out Epitaxial Growth of the Laminating of Light Emitting Diode Layer on a; Temporary Growth Substrate 
(30). A laminating has the 2nd side face (32) which has the 1st side face (38) and was combined with a temporary growth substrate (30). 
A temporary growth substrate (30) forms a temporary support front face by it, and; and a temporary support front face are replaced 
with the permanent substrate (42 and 48) which has at least one side of conductivity higher than a growth substrate and translucency. 
It includes that replacing carries out wafer bonding of the permanent substrate at one side of the 1st and the 2nd side face of a light 
emitting diode layer. The manufacture approach of the light emitting diode which consists of a; process which temperature is raised in 
the interface of a permanent substrate and a light emitting diode layer, and attains a low ohms connection among both sides carries out 
wafer bonding. 

[0084] 9. The replacement process of a temporary support front face is the manufacture approach of light emitting diode given in said 8 
including the process which removes a growth substrate (30), after carrying out wafer bonding of the permanent substrate (48) to the 
1st side face (38) of a light emitting diode layer (32. 34. 36. and 38). 

[0085] 10. The replacement process of a temporary support front face is the manufacture approach of light emitting diode given in said 
8 including the process which removes a growth substrate (30). before carrying out wafer bonding of the permanent substrate (48) to 
the 1st side face (38) of a light emitting diode layer (32, 34. 36. and 38). 

[0086] 11. Carry out wafer bonding of the 2nd conductivity and the translucency substrate (48) on a light emitting diode layer (32. 34. 
36, and 38). and it is conductivity and translucency and a permanent substrate is the manufacture approach of light emitting diode given 
in said 8 which includes further the process which fastens a light emitting diode layer between translucency substrates (42 and 48) by it, 
said 9, or said 10. 

[0087] 12. In order to raise the concentration of the carrier in the interface of wafer junction, it is the manufacture approach of light 
emitting diode given in said 8 which includes further the process which flows doping gas during the wafer bonding of a permanent 
substrate (42 and 48). 

[0088] 13. Include Further Process Which Equips at Least One Side of Permanent Substrate (42) and Light Emitting Diode Layer (32, 34, 
36, and 38) with Gap Ingredient in order to Prevent Oxidation before Process Which Transposes a Temporary Growth Substrate (30) to 
Permanent Substrate (42 and 48). In order to carry out wafer bonding of the permanent substrate to a light emitting diode layer 
furthermore and to remove a cap ingredient at least from one side of a permanent substrate and a light emitting diode layer, it is the 
manufacture approach of a light emitting diode given in said 8 including the process which applies heat. 

[0089] 14. In Order to Form 1st Light Emitting Diode Structure (40), Grow Up 1st Light Emitting Diode Layer (34, 36, and 38) Epitaxial. ; 
In order to form the 2nd light emitting diode structure (64) The 2nd light emitting diode layer (66, 68, and 70) It is the approach of 
carrying out the laminating of the light emitting diode which consists of a; process which is grown up epitaxial, carries out the laminating 
of the; 1st light emitting diode structure on the 2nd light emitting diode structure, and carries out wafer bonding of; and the 1st light 
emitting diode structure to the 2nd light emitting diode structure. 

[0090] 15. Said Ist light emitting diode layer (34, 36, and 38) is the approach of carrying out the laminating of the light emitting diode of 
a publication to said 14 including the process which grows on a temporary growth substrate (30) and removes a temporary growth 
substrate further 

[0091] 16. A wafer bonding process is the approach of carrying out the laminating of the light emitting diode of a publication to said 14 
including the process which carries out alignment of the 1st and 2nd light emitting diode structure (40 and 64) so that said 1st and 2nd 
light emitting diode structure may have the same polarity. 

[0092] 17. Forming the tunnel junction section (72) between the 1st and 2nd light emitting diode structures (40 and 64), the tunnel 
junction section is the approach of carrying out the laminating of the light emitting diode of a publication to said 14 which includes 
further the process which has a polarity with opposite the 1 st and 2nd light emitting diode structure. 

[0093] 18. So that at Least One Side of Optical Property and Electrical Characteristics May Change Alternatively along Interface of 1st 
and 2nd Layers (130) The 1st front face of the 1st layer (126) It is the approach of forming the light emitting diode which has the 1st 
which was joined by the interface which consists of a; process which carries out patterning and carries out wafer bonding of the 1st 
front face of; and the 1st layer to the 2nd layer, and adjoined, and two or more layers containing the 2nd layer (126 and 130). 
[0094] 19. In order to specify a desired current path in the light emitting diode layer which was made to carry out epitaxial growth of the 
light emitting diode layer (130, 132, and 134), and grew epitaxial, it is the approach of forming the light emitting diode of a publication in 
said 18 which includes further the process which chooses a pattern. 
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[0095] 20. the process which carries out patterning of the 1st front face of the 1st layer (126) — the 1st front face — meeting — 
becoming depressed (140) — in order to form, it is the approach of forming the light emitting diode of a publication in said 18 including 
the process which removes an ingredient from the 1st layer. 

[0096] 21. in order to impress an electrical potential difFerence — becoming depressed (140) — carry out alignment, form an electrode 
(142) and the 2nd layer (130) of an electrode is the approach of forming the light emitting diode of a publication in said 18 including the 
process arranged in the opposite side. 

[0097] 22. The 1st layer (126) is the approach of forming the light emitting diode of a publication in said 18 chosen from an ingredient 
which forms a current difFusion window layer. 

[0098] 23. It is the approach of forming the light emitting diode of a publication in said 1 8 including the process which chooses a pattern 
which forms the light reflex pattern for beams of light by which the 1st front face (138) is generated according to light emitting diode 
structure (128). 

[0099] 24. 1st Substrate (30) — Preparing — ; — it is the Manufacture Approach of Light Emitting Diode Which Consists of a; Process 
Which Improves Stability of II-VI Semi-conductor Structure by Preparing n-VI Light Emitting Diode Structure (40) in 1st Substrate, and 
Carrying Out Wafer Bonding of One of; and III-V Semi-conductor Substrate, and the SiC Substrates (48) to n-VI Semi-conductor 
Structure 



[Effect of the Invention] As mentioned above, according to this invention, the 1st substrate is formed with the ingredient which has 
adaptation in manufacture of the LED layer which has a desired mechanical property. Since an LED layer is formed on this 1st 
substrate, LED structure is formed and it was made to carry out wafer BONDIN of the clear layer by the translucency ingredient at an 
LED layer While being able to manufacture LED which has a desired mechanical property and translucency in large quantities in a short 
time, without the 1st substrate taking epitaxial growth, the resistivity of the interface of a clear layer and a growth phase can be made 
into the minimum. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the side elevation of the duplex heterojunction LED equipment which has a temporary growth substrate by this 
invention. 

[Drawing 2] It is the side elevation of LED structure from which a temporary growth substrate of drawing 1 was removed. 
[Drawing 3] It is the side elevation of the LED structure of drawing 2 which has the permanent substrate attached using the wafer 
bonding technique. 

[Drawing 41 It is the side elevation of the structure of drawing 3 which has an electrode in an opposite side. 
[Drawing 5l It is the side elevation of another LED structure manufactured by wafer bonding. 

[Drawing 6l It is the side elevation of the 3rd example which attached the wafer junction substrate in the equipment of drawing 1 . 
[Drawing 7l It is the side elevation of another example which attached the wafer junction substrate in the LED structure of drawing 2 . 
[Drawing 8] It is the side elevation of the LED structure of drawing 2 attached in the mirror with the wafer bonding technique. 
[Drawing 9] It Is' the side elevation of the LED equipment by which the laminating was carried out. 

[Drawing 10] It is the side elevation of the LED equipment using the pattern formation layer by which wafer junction was earned out 
[Drawing 11] It is the side elevation of the LED equipment using the pattern formation layer by which wafer junction was carried out. 
[Drawing 1 2] It is the side elevation of the LED equipment using the pattern formation layer by which wafer junction was carried out. 
[Drawing 13] It is the side elevation of the LED equipment using the pattern formation layer by which wafer junction was carried out. 
[Drawing 14] It is the side elevation of the LED equipment using the pattern formation layer by which wafer junction was carried out. 
[Drawing 15] It is the exploded view of the wafer bonding equipment for performing the process of this invention. 
[ Drawing 16] It is a temperature-distribution graph at the time of operating the wafer bonding equipment of drawing 15 , 
[Drawing 17] It is the schematic diagram of another equipment for performing the process of this invention. 

[Drawing 18] It is the decomposition perspective view showing the example of the graphite member for using it with the equipment of 
drawing 17 . 

[Drawing 19] It Is the decomposition perspective view showing another example of the graphite member for using it with the equipment 
of drawing 17 . 

[Drawing 20] It is the side elevation of the single heterojunction LED equipment which has the conventi'onal absorptivity substrate. 
[Drawing 21] It is the side elevation of the duplex heterojunction LED equipment which has the conventional absorptivity substrate. 
[Drawing 22] It is the side elevation of the duplex heterojunction LED equipment which has the conventional translucency substrate. 
[Description of Notations] 
30 Growth Substrate 

32, 34. 36. 38,1 56A. 174,178 Ught emitting diode layer 

40 64,1 28,1 44A Light emitting diode structure 

42 78 Conductivity, translucency substrate 

44,142,144,154,156 Electrode 

46 2nd Electrode 

48,182 The 2nd substrate 

50,152 Wafer bonding layer 

56 58 Contact metalization field 

60 Mirror 

62.136,146,180 Substrate 

68,132 Active layer 

72 Tunnel Junction Layer 

74 Up Electrode 

76 Lower Electrode 

80,110,112.114.120 Wafer 

84,116 The 1st graphite member 

86,118 The 2nd graphite member 

92 Quartz Tube 

94 Fission Reactor 

96 98 Graphite member 

102 Heating Furnace Tubing 

126 Semiconductor Wafer 

134 Lower Seal Layer 

138 Lower Front Face 

140,148,150 Hollow 

158 Upper Layer 

160 Lower Layer 

162.164 External layer 

166.168.170,172 Electrode 
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10 ^ X -/\ - 2|f > ^® <7)/ggS;0i ^ p - n ^ 

^U^^&r^rzsbiz^imvX^XK. ^Hiz^^xm. 

[0 0 3 1] ^Xl2l4=£#fiiST-5>a:, SSiSXgcoSDJr 

m\z^-ox±^mMmx&^-LEDm3 s±\zm^'^n 

^2^:®4 6fl^mi±, i®^S^4 2±JC#fS$ 
[0 0 3 2] «-&63J:r)T»»>3i-A- 4?>7=-<>^t 
<35«itJC^x-Ag-&$nTVi-5« -r^^^D-^. M2S« 

o^^^r-sMic^x-A^^^n 
iT^^^jF^bv^o ^:gS«3 0<&»*-r^M(e:^>x-Aig 

- z %ii^mmz^'ox^n^tits.\^'^n^ii^u<it^(ri 
B'j<DM*^i: L/T. '^x—A - it^>^^ y^<omzWLmm 
z.(n^ofxx.}±^^y^ )vwmm\tmmmx% ^ l e d 

[0 0 3 3] m(r>mMmx\x. m\(omt\tmt'^. 3t 

«KJ(XttC0^:gS«3 0±7?J^:g$n^LEDS3 2- 

5<D':7x-Ag5'&^{-ct^^2S^4 8tl. 
-(Fletclier)^c03feS4^ff?^M#m5, 0 0 8, 7 1 8 

a«4 8^g!'&i^fc^. :)t«iKai:RtK/x««sgffi«4^ 

[0 0 3 4] 0 1 cr)3g^{d:^m^?:^^®<> Sgo 
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9 

<Dm^'i^^mmmMo:)^^^^m ur^ l e d iifc^x- 

[0 0 3 5] (^«(CUT, KiKfficD-^W^^S«^« 

[0 0 3 6] $Tia6$#fi8-r-2>^, »^x-yN • 

fl:lC<i:x:>rffl^o;p$cDA I I I -Vxlfr^^^^^v- 

<v;UJi©LEDH3 0-3 S^^tfLEDtcMMteCD^S 

L ED^ 3 8 (DK^ICgSTo^^^^Oo A 1 

[0 0 3 71 mz^^xmwr^h. mm^. m^^m 

i- K DSfjgtD^T^O L H D S 3 2 iCi^^g-r <1 
^S, 0 0 0:t>5?^X h-n-A7|c«<Z)gfjSCJ&*» 

S^^fr^T'b. iffr^T'bJcvn ^c^c^^o^ 

[0 0 3 8] i|^»#-:^/^;^g!'g-{Ci3UiT. 

02^^(D^-^\zh^^^n^. ^(D^o^z. mm^fs: 



10 



iz^^ xmyti&^mcD LED ^?^^-r ^ t t^^m^ l. 

-^<0<&c;Dffi^ig?(Z)S 5 2 a^fett^K 5 4±tr 

Dmm4 0<^)|ST®OLEDM3 2±«C@!ffc^S.UCXX 

10 u> nmzmw^^^mLi.x^m\zmytmzt^^z> 
\zn^-ymm^n^^>^^ti^^^. )k\zm^2<Dmit^ 

[0 0 3 9] ^T^S^^fl^f -S-h, SukEcOLED«jS 
4 Ot^^^-6 OfC^^x-A^-r^caiy^tT^-So ^ 

^-6 o«-ecTT;&cSfcl*$n:fc^«, x^^tcsit 

[0 0 4 0] 6 0 tS=K6 2HLKD«3t4 OtC 

AW T ^ ira A ^ i6 tc ^^ffi tc^-^-c^ o J: 5 

2$J^^K'r^fci6tC>-U=i>, GaAsXJai^^cD^'S 

[0 0 4 1] ^x-A • is^y'r^ y^^im^mmi^xn 

D«tj&4 0 6 4 t ^SV^tcS^T^, JL^:? (Xtt) ^\ 
(DMtL^^X'^^. J:ffl<DL.ED«i64 d(Z)LED^3 
4<h3 8(D h-tf>:5^(Z)?^^}JTSP<^LED#|jS6 4(7) 

^xm< ]^-\f,>^^n^Q;^t\zmm'^n^'£^mfi^^ 
ED«ii<h3S^costt^wr-5m< h'-tr>^$n/t h> 

ilOS'&gPiDiiai^BSSC^J^x-A • sf^^T^^ >^ 
[0 0 4 2] ia9<3Dg®«ffl^(Z)LED«|ffl4 0 3&rJf6 

4dtfli:«riBi(cAwr;^$nsj;5tc, ±gismai7 4«c^ 
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( 

u 

COL ED«ii(Da:mx^;>4^j: d fe^#v:^x;^;;l/:¥ • ^ 

[0 04 3] L E DCD^^IClSbTftSCDSccZ^SK^^ 

T^^»»fcHSi, Ge. A IP, AlSb, Ga 
N, A 1 N, GaP, GaAs, GaSb, InP, T 
nAs» InSb, ZnS, ZnSe, CdSe, C d 

Te, sic, x\t±m<D^^<D^M(Dm^'^f)^'^^n 

fcx tf ^ 5/ ^ ^#lni Lfe COT J; 
Vic xif3^=^-f>«^;i.^:^^^ftJnT^i®Bb«mt^SS 

2 Mm(Dj;PD|iViXtri$^^>'-^;L'^T2&oT'fecJ: 

[0 0 4 4] mi o\t/'^i^—>m^^nrzmi(7)m^h 

T<7)^##r^xW\ 1 2 67&t, ±^<Dm^m 1 3 0 

m^i 2 8 tc^x-AS-g-^n-sigH^^y^^bTv^^. 

1 3 6tc^x-/N«fr$ns:ii:7^tT^.s, /"^i^—ym 

2 6 1 <D*g5iLT<7)THI5^DSl 3 Sl^m^l 4 0 

^^^T^fe3i)Jc:xy5'>i5?^$n'5o S^^iStt^cit 
t' i: T/^ - >?|^^ 5 n;^if^3ifl5:r> x -/Mb^ L E D « 

[0 0 4 5] mi i-e«, /i:$'->j^^$n}t^^#':7 

x-A 1 2 6 L E DmM 12 8 <0±ffl<3!>?ei*Jl 13 0 



) 4^^^6-3 0 2 8 5 7 

12 

\Z^x.-/\m^'^n'Cr^^^o ^{rmSl 4 22S^rXl 4 4 

Ai^v^^->m^^nrz^mi^^ai-/\i 2 6<d±^^ 
®t^«i 3 6<Dris^m±izm^^ti^. 

^nfC^^x-ArttT^S^l 4 0tS^?M'bU<J5^Bi^?^ 

^t-'S. mffil 4 2t;imK^ffljn"r^;ii:{w<fcoTLE 

DfflHtl 2 8 rcm«E;^«^jl"rS^», Ell 1 <Z)Sg«(DMtL 

«o^Srd«^t* ck^ic. S?ra(7)ST<3!)fi*^Kc:{3:liaEtt8tti 

[0 0 4 6] «acOffl^«— «C®ltXttCD««TSS, 
o T L E D g®c05»45?&«lPl-h L> SaE^SSK^iS 

[0 0 4 7] 'T^:^^V-mS'';^:^-v h • X^^;/:$'(DJ: 

XMMJim^n^. 01 2aS«l 4 6±I::led«3S 
14 4 2r<i^;tX3j^>:/ h - X^ 1 4 2 ^^LTl^ 
ffi^ 1 4 8 i 1 5 0 tti^x— • 3K>x>r >i5^e 1 
5 2P*g{::?^^$nTl^iS, LED«5gt'>x~A • 
5^w'>^^tcOi^^®CD^P«. mSIl 5 4S:t;^l 5 6 

ti;^S«£«®iESSir J;t?Ta^5^ 1 4 8 i: 1 5 0 tOKtz 

mdfEiiA®^^^#e>n^. h • x^ ^^/^ i 4 2 ^ 

}i> il^ 1 4 8 t 1 5 0 \m'-'(J^W^^m<J^%U^mri' 
[0 0 4 8] '^^x-Ai^-g-^n^^^^^'^x-ACDA^ 

^ ->?^^«, LED®>&>e,iefeit$n/^^^«i^«BSMic^ 

•^iO— ^J;&^g|l 3{C7i^$nT^i^c LEDJS15 6A13; 
±S 1 5 8 tT^ 16 0 ^:<3DPpH::»S$nTViS<. ¥m 

S 1 6 2 t 1 6 4 \^WMmX^:z.-}\^^^n^. 
t^^Vf^^^Wmz^WiX^^^^^SZ. ^gj-g^^l 6 6. 
. 1 6 8&rXl 7 0««ffil 7 23&i^*^tCfllti;^c:ffltoI:i 

40 ^il^\z^<\ztb^. z,Qy^o\z\.x^mikm(^^±.^n 

[0 0 4 9] mmi 72;&ie»LED®15 6 A'vCDmM 
<75#3lH*S?'&«« 1 6 6, 1 6 8 2&r;^l 7 OICioT 

ns. ^HO^iefRl^l^S-a^S^Ql 6 6. 1 6 8. 1 7 

x^^o mm<D^m^(Dmiffmm3x^<. -:^^m 
\^^mtt^^.j^-/\<Dm'^:^mz^::^x&&^n^. 

50 WiCfri, S-g-^Ha Xt^PHs (D^ofS:%ii^mm.xni:> 
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[0 0 5 0] \.nvim\z;\^->^^^nit^m^^:r. 

':>izA^->mm^^:^m'c^^. !2ri4Ttt, z^^- 

>m^^nrz'LEDm i ? 4«si^ ire ^&^^:tTt.i 

3^^v'Y;i/fi^:g$n;/^fe(Z)T%cfc<. 8 OT 

tcecS-r^LED® 1 7 8f;ii^3:— AgJ-^^nfcfecOT 
m^l7 6<Dm^\Z^\^m^^X. ^2 SSI 8 
2 TjV^tJ' - >^^$n/t L E D BO±S® {C »:7x— AS 
^^n^o ^^ViJJ, LED® 1 7 4RtX/Xt^ll2S 
Si 8 2fC/'^r$^->?^^LT^)<^^io J^fC, ^py3:<hh 

—:^\z/'^^— >m^^nrcz:-:><Dm ^wm iz »> x-/ns 

-^U, ;^tr--3<»^$:LEDxtf^=^^>'^;i/igt::r>x— 

[0 0 5 1 ] m&m 1 0 ^#fi^-r-5<h, 1 4 o urn 

mm P - n S-^ffl^^^-r ^fc3e)COM^R6«Jl£tfeX{K :t 

5=^^ >^\z^'oxm^^n^mm<Dmmtmmzytm^ 

[0 0 5 2] /'^i^->m^'^nrc^:sL-/\ ' > 

^<DU»:fy^u-G&TmL^^mvxfft)nrt. 

yit-^ntzn - G a vmm^^ir^m^^m^^xn^ 

">?^fi^$n;^V^n-GaPS«lCj!6^$nfc« Ar$^~ 

>i^^^$n;ts««fiSj&*»iii 7 5 iimxm^tmi s 

ii^tti 2 b nmtcnrnm^mx^ntz. co^o 
f3:-^mxMWL(D/^^->mmtm^\zm^x^. mttit 
mm^mmx # ^ {zi6^fs:m^^^m^^hx\,^rz. 

^4 0MmT2b^J;D/J^$ua^fel^i^$nfe. 10/£ 

<Dmm<D}3^n^W]±r^<k^\z. '^mt^^m^mmiy 
xn-j^x\-^D-m(D{ssni)^(D:x-^-9^^m<D. m 

[0 0 5 3] HIR^OjS^ 
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mis \t—M(D^j^—/\ 8 0 c^^^x— /nS-^^31j^T^ 

8 4 t^Mi/TVi^. n 1 m«imtt\N(omn 

^mms 2(Dmmi^o. 5-r>5^xo. b^>^x^ 

«2ll»«a5#8 6fmi^fflffl«;&^f,35i£b7t&@ 
^t?ittf>9 0Sr^^affigtC7^:8 8 $iii;^-rt.i^o 
SV^tc^-a-^n^— ?i:^co»:7x— A8 0CDj^$^^>~:y 

— ^>x^it'^'ti:^rc^\z. mm->2^ o^^r) 
«#««8 2rt«ciB^sc:.hAt'r#5, 

i<7 [0 0 5 4] 1^1 <hm2||^gP=^8 4RrX8 6 ^ttg-g- 
«a6H^^9 2f^{c:}fA$n, ^zcD^BM'^^rMzm'^m 

ikm^\zmx^n^. 1. 0 u^;;^-/4)'<?)«E3S<oH2 

#S^v.TM^;^f^ 8 5 0- 1 0 0 0 t:^T±#$n-5>« ffi 

<« 

[0 0 5 5] ingftcfa, — ^CO'i^^i— AS odtJEEi^^n 
jE«:fjS:E35ff 9 2CD»03R»» (5. 5X1 O-' 

IS (8, 4XlO-'^/"C) ^(Dm\Z^z>X±'r^. s 
i-. "^o:— A8 0<7?«I!^^IS iMX.\t0dL^(O^^n. 

5. sxio-^xr) {iffi^TS$<7)T, 
^T^p ±#L;^MJ[^. I I I -V^^#^x-A 

hizm^r^. 

[0 0 5 6] mi ^<o^^—j\ tfmmzm 
}^'-i&\zmmms\z^^x^^'^n^. mm^ini g 

ai-, PS:r):GaP-T?^;5«^Ji, 

So X-/5^>i?^CDS, "^^x— A;iiieS*«>NH4 OH^ 
^*-r S fct^lz^j:. — y N Hit ir ^ ^ / fc® ;^?in 

ra. mmm\z^tix^^^. 

[0 0 5 7] ^^scClSMUTV^^^x— A8 O^^J^^^rS^/ 

-A8 o«:7T>T';i'»7-x:^{rj:oT^ef^4^gi«rM«e) 

[0 0 5 8] Tm(Dmm(Dm'^. i^Tx— AlSGaP : S 
(n~5Xl0^^cm-^) OSS C (1 0 0) + (1 1 
0) <7):^fRj{C2 " > X\t (10 0) + (110) CO>^|nl 
{Z 1 0 " 3 i:, (G a A s ^X^^itOisbTzm^ 2 
50 <D^^X}di$^^i^GaFff^ibf^^^tirz) GaP : Zn 
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(p-2X10^«cin-3) ti^^m^X^^ 
GaAs:Te (n-SXlO^'cm-^) ±T^M 

*r«SMl:^«[« (MOCVD) \:i^'z>xjiLm^'^ti' 1 iL 

m(^>Ino.5 Gao.5 P:Te (n - 1 X 1 0 ^ * c 

1t\T\f^.UA\^ Gai.x ) 0.5 P-mSM«3g(OLK 
Di:;d^e>^^@'fe^U^tlfc:« GaAsSfefi (11 
0) (D-J^mz (10 0) +2* (Dm^X^r:>tc. 

HCL : HNOarHz 0 (1:1:1) 4'TCDX>y^> 

AuGeT^Mfb^n, S:tX/Xf3:p?^S^^irAuZ 

[0 0 5 9] -'O0'>x— /\ • 2p>x>f >:i?^;iCO^x— 

aJcS-&$n^r>x-A)&t, HF (1 : 1 

«$i±?cSijcD«i3lxSco«tc:g'& S x-/\ t it«^ 

GaPSSt. (GaAs:Te±(D) n-?^Ino.5 
Gao.5 P:6ie»^K^fe05T5bt>rc. SiJCD^®«l31X@<7) 
mZs ^2U-I\\m 1 5 (D^:ii—/\ • 3p>5^^ >i5^SB 

»^t::^^^$nys:o ':7x-yNt^ini^{ri 0 0 ccTiff^ra 

<S:fiSiCDSjS^'&:$t^^n;to HF : M'i'::a->:*:T<7)x 
'y5=->^JC^0ffi?l$n/c»:7x-Ali. SE-^$nfc^x 

x-Ag^S tL;fcS«;ei^ e>SiJcz)'i7x-/\»'& $ 

[0 0 6 0] NH< OH-;»^^y-;i/lrci:oSM5?L^« 
n-mi nGa.?^n-mGa^{Z^^'t^^'as 

^^^)Oci:%^€»n^o NH-i OHTX>y5^>^U. 

SM«l31T«I^SM«Fttd?^i;.5o L:d^L, (n-J^G 
aAs : Te±<7)) n-?^Ino.s Gao.o P^ (Ga 
As :Te±co) n-^Ino.s Gao.s P iiS-^-r^ 

\tx^r3i\^^zit\z^^x^^^. z:<Dmm<Dmmtvx 



(9) «i^li¥-6-3 0 2 8 5 7 

iff 

[0 0 6 1] (a) n-m<Dln<i.6 Gao.o PlcS-^ 
^tlfen-i^OI no.5 Gao.3 P35^^;^< 
ti;t^x-At. (b) n-J^C0GaP{cg^^$nfcn 
-?^cr)Ino.5 Gao.5 P:6^^.^^@#:a-&$nfe'^7x 

(a) rLXiS— 5(Z)n— ?^<DI no.6 Gao.s P 
/I no. 5 Gao.5 F<OlS^\^. (b) :iX3p— ^<7)# 
ffiCQn-?^© I no.5 Gao.5 P/G a PS^<i:lti!^L. 
TiK#®r#U<i£^.:^ffi^^ML'75:. (a) c^J^^tSS 
m^^l. 5:t-AT^D, (b) ODS-^^Sit 

\tm5:t-AX^'Dft. (2 0X 2 0a;KD5^-rX) 35 
^i/^li, gfii;^^J:Dffil'U no.s Gao.5 P/Ino.s 
Gao.sPcD^-^fi, 1 0 0 O'C^MjS^tl^I no.5 
Gao.5 P/GaPcQS^&tJttSSsLT, »59 7 SICOJ: 

[0 0 6 2] ^»CO^^:^ti, LEDOaSBST^Sffi^nS 

ibTfi, ¥««^»i7x-A<0Sl'&X@<Z)W. 

^m^<Dmm^. G aJE^iJtfebT I nH^O^®^ 
Wl&miS<. X\t. GaP(hiti»LTI no.5 Gao.s 

T?a&-S, JEfC, A 1 G a A s -GaAs - I nGa As 

iZ. I ntiSffi9x~A - 3}?>7'>< y^XM^\zmm. 
30 Xt5G a P t-g-^l/T. S'&Sn^cS^IScO^jZZT I n 

I Gai-i P (x<0, 5) ^^^i^mr^z.t,ifix^ 

[0 0 6 31 1 n^:^^^\ZlS:[kX. I^«(^)4$tt, tISi 

I -V I • 3}?>5=>r >>>'ffitc:w?jj«' 

mmX"^^. '4^^X. Hg-gqr> Cd-g-^. 28^CXZn^ 
^^53^^^ Z,(D^o ^m^x<D^mfs.^x ^ ^ o 
[0 0 6 4] HffM<?5m^Wfifii«H4^ii;irc@«:'>x- 

^ A^fi-s^^^T-s^jcDSSi^A^^ij^fa, 01 5o^e 

. SI 6Ji-'::?a)S>^Sia^^:m^^bTVi^,o ±gKcoia 
10 0 OTC^TO riljg;ij (r am 

p) ;C^^^$n. — T^cDum^mti ooot:^T? 
<D m^(D} «m5^$tiTViSo mtKDm^h. i o 

m<Dif^&mum^m^^^nxv^^. 
[0 0 6 5] T^(D ^mm<D] mmiz^-DX-mzj^y) 
m>mMx. X. mmmz^Di^^\^mmizw^&trii^ 
50 -^T^t^-ra. ::<DmmmwM^o)—m(DMm^. &m 
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x\t,mzx^mvc%mi'imm\zi3i^^. ^\z. z. 

^^Zt\Z^m'r^h<Dl^^^Z>. l^t^V. ZL<Df^m\tn 

[0 0 6 6] n-Jg(7)'^x— /NcfcOfep-JgCOr^x— A 

30>T$»^o p-GaPtp-GaP(^> X> n-GaP 
i:n - G a PO^-^x-A • 3p>5^^ y^iflmff^tlfto 

M:^<Dm^^h. m-^ltim^lzM-DXl 0 0 CCTfr 

X12S.J\^(D^y'f(Dm^. GaP/GaP n-JE^n 

G aPXG aP p-J^a.~*— ^ • ^:7x— A^^<DJ^ 
^ (0. 9:t-i.*«) (Dird«:^fflt=jE7&^o;to n-?|^ 

ii5i/iiia:tc:J:-3TP -m^yf)V^'SM(Omi&'^^m 
^\^MIi\i^Z.t,\ZU^. 
[0 0 6 7] ©iRISGaAs^ji^^^U ^3^<*Ga 
PSffi^Ino.6 (Al. Gai-i) o.s P LEDf;i 
@flce7x-A»-a'TSCltlC<J;t3T, TcCOKiRftGaA 

[0 0 6 8] 015 <0»^x-A • sI^Vt'-^ >^SB«m 

z<D^mu1^m(Dmm^o>^^^^\.xEmt^^&r 
1 0 f)fim<D^^9^U9 z <o y v^p^\z^^'^nx\,^ 

[0 0 6 91 m^^hmi 9 6 S:Z^9 8 \t.ik^mm 1 0 2 

t-iBB$nTVi^, ^:^cDiis«^si5*j9 6fiii«aaiE$r<z>gi[ 

t^^PgBl 0 Sf^lCMl 0 ^^^^^^ZLt,\Z^^X'm 

9 8 i o 2 p^jc^strtib-^^^. ii«bsb« 9 

\z. xy\r^x\ti 1 ocoffieic^^— ^co^x— Atcpiie 

[0 0 7 0] Ell 8^#Mt"'6<i:> — ^c^'>x-Al 1 

2msi I A\^mm^6^m^nx^^^^mt^^^nx\^^ 

5, uniMMWrc. Ell 9«i:oo»:7x— Al 2 0:0^ 
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m^f)^^mmivx\^^^mi hw.2m^uMi i^msi 

1 S^^LTV^-So lai 9<^^}fi*aj;&^K^$n. 

iinffi:^o55^:i1ftd:'^7x-A 120 (T^ma^ftffl^S/hfStw 
rs±"TfSST3^s« «S<7?l«^^3^x-y^;&T|^|l|*:Tta 

[0 0 7 1] ^x,-/\ii2msixA^stmz^mx 
^^miB(r>mMm\t.. ^i^x-A^as-g-rsitriti^zx- 

[0 0 7 2] 3^\(Duim^tVx. ^x-ASM3^^^)#in 

^, +i'^yy^^^^nfc»i7x-A«^cos, mmmi 

<Dm\ZmWL^tl^'D. ^^^^^/T'Ji^^x-ACD^Mg*:^ 

mmm\zmm\^x\^^^ti^^t^tMmx\tfs,\^^. :^\z^-z 
^yr^^^^nfc'^/x-Afis 0 oic^jS;istaffi{cin 

[0 0 7 3] fil'&4^lcK-y3ScD:^X^0l 7C0 

iAcfSft^i 0 2^mi^xwLm'^^. m-^-^n^^mmxay 

h ' :^7.\Z\tlii Sc. H2 S. DETcSl/^DMZn 
[0 0 7 4] 01 7 (DKl^^^ A\Z^^Xmi S<D^U 

[0 0 7 5] LED<0^«?y(^>fc«6(^^x— A • 7j?>x>c 

^'^*&^\^i:r^r:i^\z^^mziKn^^m^m\zm^ 

mm\t,. wm^ii-Rxsm^ti<D^':^\zmi.x\ i i - 
V. xfs I V - I Y^mw^^^h—mz^^mzx^-y^ 
t^^ti^ I I - I V hEDmmmommx^^. ^ 

x\t-:^^i^±r^rzib{z I I -vmizm^ysij i r - 

V4^^#:XltS i CJ£«S@#:i>x-Aj!@-^f SC^:?&t 
[0 0 7 6] JB^±60J;31C, :^%^<D^mmm\Z^l^^X 
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2, 3 4, ze^^uzB) 0^mMt,mt^m'^^^ii^^^ 

MlSfe (3 0) ^IStt ; ^iSfeiifC^^^-l-rt-F 
ii^fi3tT^CltfcJ;^T%3^i5^-r:r~KSS (4 0) 

ii (4 2) ^^ity-f HM{CT>x-A • :J^>-r^ > 

So 

[0 0 7 7] 2. ^;\^:$^-f ;t-h-®^»5e"r^xs 

tt. ffi»<0^3ti5^'1':^— -HS (3 2, 3 4, 3 6^1X3 

8) ^mim^ (3 0) ±-vjL}^^^>^^ji^s^^^^^ 
[0 0 7 8] 3. m I <os^ (3 0) ^m^r^xm 

[0 0 7 9] 4. mi(Dm^ (3 0) $:i^^r^xg 
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